ABSTRACT Breast muscle morphology was studied at 8 and 16 wk of age in a line (E) selected over 44 generations for increased egg production and its randombred control line (RBC1). A sample of 20 birds per sex-line-age subgroup was killed with restraint to prevent flapping of the wings. The skin was removed from the breast region, and a sample of breast muscle was obtained in a manner to prevent contraction. The muscle samples were dehydrated, cleared, embedded in paraffin, sectioned, and incubated and rehydrated prior to staining with hematoxylin and eosin. Four sections from the same muscle from each bird were placed on a slide, and the slides were viewed for muscle morphological characteristics with a microscope and digitally recorded. Five fields of each section were viewed. Representative sections for each
INTRODUCTION
Commercially, turkeys are the result of a cross of a sire line (or sire line cross) and a dam line (or dam line cross). The sire lines are usually selected for increased growth rate and muscling, whereas selection within dam lines is on growth and reproduction traits. Growth rate, feed conversion, and muscling have improved in commercial meat birds (Nestor et al., 1969; Havenstein et al., 2004a,b) , but meat quality has been altered. Recently, the turkey processing industry has experienced a meat quality problem that is similar to the pale, soft, and exudative condition in swine (Sosnicki and Wilson, 1991) . Pale, soft, and exudative meat from turkeys when cooked has a soft texture, poor meat binding, poor juiciness due to reduced water-holding capacity, and increased yield losses.
Inheritance of breast muscle morphology by turkeys has been studied during the embryonic period (Velleman 
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bird were given a score by 4 individuals based on breast muscle morphology. The scores ranged from 1 (little extracellular matrix and indistinct muscle fibers) to 5 (large extracellular space and distinct muscle fibers). Scores from 2 to 4 were intermediate to these extremes.
Breast muscle morphology scores did not differ between lines or ages but there was a significant interaction between lines and ages. The scores increased in the RBC1 line from 8 to 16 wk of age, but the reverse was true for the E line. Scores were higher in males than females. The results of the present study suggest that selection for increased egg production in dam lines should not greatly influence breast muscle morphology in commercial turkeys. et al., 2002) and posthatch period (Velleman et al., 2003b) . For these studies, comparisons were made among a randombred control line (RBC2), a subline (F) of the RBC2 line selected long term for increased 16-wk BW, and a commercial sire line (B). In most of the muscle traits measured, additive genetic variation was an important source of variation during the embryonic and posthatch periods as indicated by line differences. Nonadditive genetic variation, as measured by contrasts of the average of reciprocal crosses of the F and B lines with the average of the parental lines, was a more important source of variation at 20 d of incubation than at 25 d of incubation (Velleman et al., 2002) . In general, nonadditive genetic variation was not an important source of variation posthatch (Velleman et al., 2003b) .
Development of the breast muscle in turkeys is altered by genetic increases in BW during the embryonic period (Velleman et al., 2002) and posthatch (Velleman et al., 2003b) . Wilson et al. (1990) reported that more degenerating muscle fibers were found in rapidly growing turkey Abbreviation Key: B = commercial sire line; E = subline of the RBC1 line selected for increased egg production; F = subline of the RBC2 line selected long-term for increased 16-wk BW; RBC = randombred control line.
lines than in slower growing lines, and the damage increased with age. Velleman et al. (2003a) studied damage to the turkey pectoralis major muscle in the RBC2, F, and B lines at 25 d of incubation and at 1, 4, 8, 16, and 20 wk posthatch. Beginning at 8 wk posthatch, differences in muscle fiber morphology were observed among the different lines. The RBC2 line maintained well-organized muscle fibers and muscle fiber bundles with large capillary networks throughout the duration of the study. In contrast, the BW-selected F line began to show muscle fiber degeneration at 8 wk posthatch, and limited capillary beds were observed as development proceeded. The B line had intermediate muscle morphology between the RBC2 and F lines, but by 20 wk posthatch significant muscle fiber degeneration was present with limited capillary supply. The results indicated that genetic increases in BW were associated with muscle damage.
To the authors' knowledge, there have been no reported studies on the effect of genetic increases in egg production on muscle development in turkeys. The purpose of the present study was to estimate the effects of genetic increases in egg production, age, and sex on muscle development of turkeys. To do this, individuals from both sexes of a line (E) selected long term for increased egg production and its randombred control (RBC1) were compared at 8 and 16 wk of age.
MATERIALS AND METHODS

Genetic Stocks and Matings
The RBC1 line was developed in 1960 from crossing 4 commercial strains of turkeys in all possible combinations (McCartney, 1964) and was maintained without conscious selection by a paired mating system (Nestor, 1977a) . The number of parental pairs used in the reproduction of the RBC1 line was 48 in generations 1 and 2 and 36 pairs thereafter. With the system of maintenance of the RBC1 line, little genetic change was expected or observed (Nestor, 1977b; Noble et al., 1995) .
A subline (E) of the RBC1 line was developed by selecting only for increased egg production for various periods of time. The selection criterion in the E line was 84-d egg production in generations 1 through 3, 180-d egg production in generations 4 through 26, and 250-d egg production thereafter. The E line was maintained with 48 parental pairs in the first 2 generations, 36 parental pairs in generations 3 to 5, and 72 parental pairs thereafter. Details of the maintenance of the E line and response to selection in the E line have been given previously (McCartney et al., 1968; Nestor, 1971; Anthony et al., 1991; Nestor et al., 1996) . The E line was in the 44th generation of selection at the time of the present study.
Management of Birds
Birds were produced in a single 2-wk hatch, grown with sexes separate, in confinement in separate houses.
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Olympus America, Inc., Melville, NY. Representative tissue sections were rated by 4 individuals based on breast muscle morphology with the ratings ranging from 1 (little extracellular matrix and indistinct muscle fibers) to 5 (large extracellular space and distinct muscle fibers). Ratings of 2 to 4 were intermediate to these extremes. The average scores were analyzed. 2 RBC1 = randombred control line; E = subline of the RBC1 line selected over 44 generations for increased egg production.
The line × age interaction was significant (P ≤ 0.05). *Sex difference was significant (P ≤ 0.05).
All birds were provided a declining protein ration system (Naber and Touchburn, 1970) based on the schedule for males. Continuous lighting was provided from hatching to 8 wk of age, when length of daylight was reduced to 12 h and remained at this level until the end of the experiment.
Immunohistochemistry
A sample of 20 birds per sex-line subgroup was killed at 8 and 16 wk of age by severing the jugular vein with restraint to prevent flapping of the wings. The skin was immediately removed from the breast region, and a sample of the pectoralis major muscle was obtained by carefully dissecting approximately 0.5 cm of the muscle fibers following the orientation for a length of 3 cm in a manner to prevent contraction (Velleman et al., 2003b) . The muscle samples were dehydrated, cleared, embedded in paraffin, sectioned at 5 µm, and mounted on slides as previously reported (Velleman et al., 2002) .
Prior to staining with hematoxylin and eosin, the tissue sections were incubated and rehydrated (Velleman et al., 2002) . The stained sections were viewed for muscle morphological characteristics with an Olympus XI 70 microscope 3 and digitally recorded with an Olympus Magna Fire digital camera.
3 Four sections from each bird were placed on a slide. Five fields of each section were viewed.
Muscle Measurements and Statistical Analysis
Representative sections were rated by 4 individuals based on breast muscle morphology (Velleman et al., 2003a) . In brief, the ratings ranged from 1 (little extracellular matrix and indistinct muscle fibers) to 5 (large extracellular space and distinct muscle fibers). Ratings of 2 to 4 were intermediate to these extremes. The average rating scores were analyzed by an ANOVA with line, sex, and the 2-way interactions as the sources of variation.
RESULTS
Genetic increases in egg production in the E line were not associated with changes in breast muscle morphology at 8 or 16 wk of age (Table 1) . Even though breast muscle morphology ratings were not different between lines at 8 and 16 wk of age, the lines interacted with age. Breast muscle morphology ratings declined in the E line from 8 to 16 wk of age, whereas the reverse was true for the RBC1 line. Males had higher breast muscle morphology scores than females.
DISCUSSION
Genetic increases in egg production in the E line were associated with decreased BW during the growing period even though the decreases in BW occurred only during certain generations of selection (McCartney et al., 1968; Nestor, 1971; Anthony et al., 1991; Nestor et al., 1996) . The decline in BW apparently was not associated with changes in breast muscle morphology. In general, genetic increases in BW are associated with deterioration in breast muscle morphology (Wilson et al., 1990; Velleman et al., 2003a) . Results of the present study suggest that selection for increased egg production in dam lines should not greatly influence breast muscle morphology in commercial turkeys.
Overall, the breast muscle morphology did not change from 8 to 16 wk of age. Changes in breast muscle morphology scores with age were different in the E and RBC1 lines, resulting in a significant line by age interaction. It is possible that the E and RBC1 lines are in a different physiological developmental stage at a given age.
The breast muscle morphology scores were higher in males than females. In large-bodied lines, sex differences were not observed in breast muscle morphology scores (Velleman et al., 2003a; Velleman and Nestor, 2004) , although sex differences occur infrequently in some muscle structural components (endomysial width and number of fibers within 136 µm ). An increase in endomysial width should be associated with an increase in morphology scores, and more muscle fibers in a given area should decrease the score.
